The first genome-wide association study for coronary artery disease (CAD) in the Han Chinese population, we reported recently, had identified rs6903956 in gene ADTRP on chromosome 6p24.1 as a novel susceptibility locus for CAD. The risk allele of rs6903956 was associated with decreased mRNA expression of ADTRP. To further study the correlation of ADTRP expression and CAD, in this study we evaluated the associations of eight common variants in the expression-regulating regions of ADTRP with CAD in the Southern Han Chinese population. Rs169790 in 3'UTR, rs2076189 in 5'UTR, four SNPs (rs2076188, rs7753407, rs11966356 and rs1018383) in promoter, and two SNPs (rs3734273, rs80355771) in the last intron of ADTRP were genotyped in 1716 CAD patients and 1572 controls. The correlations between these loci and total or early-onset CAD were investigated. None of these loci was discovered to associate with total CAD (P > 0.05). However, with early-onset CAD, significant both allelic and genotypic associations of rs7753407, rs11966356 and rs1018383 were identified, after adjustment for risk factors of age, gender, hypertension, diabetes, lipid profiles and smoking (adjusted P < 0.05). A haplotype AGCG (constructed by rs2076188, rs7753407, rs11966356 and rs1018383) was identified to protect subjects from early-onset CAD (OR = 0.332, 95% CI = 0.105-0.879, adjusted P = 0.010). Real-time quantitative reverse transcription polymerase chain reaction assay showed that the risk alleles of the associated loci were significantly associated with decreased expression of ADTRP mRNA. Moreover, the average level of ADTRP mRNA expression in early-onset CAD cases was significantly lower than that in controls. Our
Introduction
Coronary artery disease (CAD) is one of the leading causes of morbidity and mortality worldwide [1, 2] . It is a complex disease caused by multiple environmental and genetic factors and interactions between them [3, 4] . Approximately 50% of CAD can be explained by heritable variants. Over the past decade, linkage analysis and candidate gene association studies have identified several genes involved in the pathogenesis of CAD [5] [6] [7] . Genome-wide association studies (GWAS) have identified dozens of susceptibility loci for CAD in western populations in the past few years [8] [9] [10] [11] [12] .
Recently we reported the first GWAS for CAD in the Han Chinese population, in which the subjects were from Beijing, Hubei, Shandong and Northern China [13] . In that study, rs6903956 within intron 1 of gene ADTRP on chromosome 6p24.1 was identified to be significantly associated with susceptibility to CAD. Moreover, the risk allele A of rs6903956 was discovered to associate with decreased ADTRP mRNA expression, suggesting that low levels of ADTRP expression may be associated with CAD. However, stronger evidence about the involvement of ADTRP in the pathogenesis of CAD remains to be presented.
To gain further evidence about the association between ADTRP and CAD, and to verify the link of ADTRP expression level and CAD, we carried out another case-control study for CAD in the Han Chinese population from Guangdong-a subpopulation of the Southern Han Chinese population (CHS). Known SNPs in expression-regulating regions of ADTRP were interrogated. Sequence within 5kb upstream of the transcription start site (TSS) was considered to include almost the whole promoter region. All SNPs in the 5kb promoterincluding region and 5'UTR of ADTRP were genotyped or not based on three criteria: 1) it has two alleles in each population in 1000GENOMES and HapMap databases, 2) it has a MAF > 0.1 in each population, 3) only one of the loci that have strong Linkage disequilibrium (LD) with each other in each population was genotyped. Consequently, four SNPs (rs2076188, rs7753407, rs11966356 and rs1018383, respectively 96bp, 938bp, 3844bp, 4922bp upstream of the TSS) in the promoter, one SNP (rs2076189) in the 5'UTR of ADTRP were selected. No SNP meets the above mentioned criteria in the 3'UTR of ADTRP. Therein rs169790 has the highest MAF in the Southern Han Chinese (CHS) of 1000GENOMES and the Han Chinese in Beijing (HCB) of HapMap databases (MAF = 0.045 in CHS, 0.056 in HCB). To avoid missing the information about the association between the 3'UTR of ADTRP and CAD, we selected rs169790 for test. Intronic variants, especially those near the promoter or 3'UTR regions, were usually demonstrated to be associated with phenotypes [13, 14] . Loci within 1kb upstream of the last exon were taken into consideration. In this region only rs3734273 meets the above criteria. Rs80355771 is a unique SNP that has a MAF > 0.4 in CHS and CHB in 1000GENOMES database, moreover, no LD information between the two loci was available in CHS or CHB. Therefore, both rs3734273 and rs80355771 were also selected. Associations of the aforementioned eight SNPs (four in the promoter, one in the 5'UTR, one in the 3'UTR and two in the last intron of ADTRP) with CAD were investigated.
Methods

Study subjects
All subjects were clinically examined at the Department of Cardiology, the First Affiliated Hospital of Sun Yat-Sen University (Guangzhou, China), and were of self-described Han ethnic origin and from south China-located Guangdong province. All the subjects participated in this study with written consents. This study was approved by the ethics committee of Sun Yat-Sen University and complied with the Declaration of Helsinki.
Eligible standards of CAD conform to the diagnostic guideline declared by American Heart Association: 1) 70% luminal stenosis in not less than one main coronary arteries diagnosed by coronary angiography (CAG), or 2) percutaneous coronary intervention, or 3) coronary artery bypass graft, or 4) myocardial infarction (MI), or 5) 50% luminal stenosis < 70% and simultaneously younger than 50 (male)/55 (female) years old, or 6) 25% luminal stenosis < 50% and younger than 40 (male)/45 (female) years old. The diagnostic criteria of MI was 1) with classic chest pain lasting longer than 30 minutes, 2) characteristically ischemic electrocardiographic patterns and 3) elevation of cardiac enzymes. CAD patients firstly diagnosed not older than 50 (male)/55 (female) years were classified as early-onset CAD; otherwise, they were classified as late-onset CAD [11] . Subjects with congenital heart disease, childhood hypertension, typeIdiabetes, myocardial bridge or myocardial spasms were excluded.
Control subjects include unrelated individuals 1) who were verified by CAG to be free of coronary artery stenosis and not younger than 45 (male)/50 (female) years, or 2) who were verified by electrocardiography to be free of myocardial ischemia, not younger than 40 (male)/45 (female) years and without history of CAD/MI symptoms.
Other clinic data collected included gender, age, total cholesterol, triglyceride, low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), diabetes, hypertension, and history of smoking. Diabetes was diagnosed as a fasting plasma glucose concentration 7.0 mmol/L. Hypertension was defined as systolic blood pressure 140 mm Hg/diastolic blood pressure 90 mm Hg. We had not gotten enough detailed information about the medications for lipids, diabetes, and hypertension of most enrolled subjects. Thus, to eliminate the influences of the medications on the results of association analysis, only subjects who did not take medications for lipids, diabetes and hypertension were included. Consequently, 1716 CAD patients and 1572 non-CAD controls were enrolled in this study.
DNA preparation and SNP genotyping
Genomic DNA was extracted from peripheral blood using Wizard 
Real-time quantitative reverse transcription PCR (qRT-PCR)
RNA was extracted from peripheral blood cells using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. Real-time qRT-PCR was performed using OneStep RT-PCR Kit (Qiagen) with GC Green. ADTRP cDNA was amplified with forward primer 5'-CCT GGA TGA TGT GCT GAA AAG AAC-3' and reverse primer 5'-AGG ATC CAG AAT GCC AAA AAT ACA-3', as described in the previous study [13] . ACTB was used as an internal control and amplified with forward primer 5'-GGA CTT CGA GCA GGA GAT GG-3' and reverse primer 5'-GCA CCG TGT TGG CGT AGA GG-3' [13] . Each reaction was carried out in triplicate as described previously [13] .
Statistic analysis
Statistics Package for Social Sciences software (SPSS, version 13.0) was used for statistic analysis. Deviation of genotype frequencies from Hardy-Weinberg equilibrium (HWE) was estimated using the χ 2 test. Allelic and genotypic association of single SNP with CAD was assessed 
Results
Characteristics of the study cohort
A CHS cohort including 1716 CAD patients and 1572 controls was enrolled in this case-control association study. CAD-related clinical characteristics of the population are summarized in Table 1 . The ratio of males in cases was significantly higher than that in controls (P = 9.0×10 −4 , Table 1 ). Hypertension, type 2 diabetes and smoking were more prevalent in patients than in controls (P < 0.05, Table 1 ). In patients, the levels of triglyceride and LDL-c were higher while HDL-c level was lower than in controls (P < 0.05, Table 1 ). There was no significant difference in total cholesterol level between two groups (P = 0.061, Table 1 ).
Genotyping results
HWE test revealed that genotype frequencies of each SNP did not deviate significantly from HWE expectations in total population (P HWE > 0.05, Table 2 ). In total CAD, none of the eight SNPs had a significantly different allele frequency, compared to controls, no matter whether adjustment were made for the covariates of gender, age, hypertension, type 2 diabetes, lipid profiles and smoking status (P obs > 0.05, P adj > 0.05, Table 2 ). Similarly, no significant genotypic association was discovered between each SNP and total CAD (P obs > 0.05, P adj > 0.05, Table 3 ).
When only early-onset CAD was analyzed, neither allelic nor genotypic association of any locus was observed (P obs > 0.05, Tables 2 and 3 ). However, after the adjustment, significance for both allelic and genotypic associations of three promoter-locating SNPs, rs7753407, rs11966356 and rs1018383, were achieved. Allele A of rs7753407 had an adjusted OR of 3.205 in early-onset CAD compared to controls (95% CI = 1.137-7.682, P adj = 6.0×10 −3 , Table 2 ). Allele T of rs11966356 had an adjusted OR of 3.219 (95% CI = 1.145-7.732, P adj = 7.0×10 −3 , Table 2 ). Similarly, allele A of rs1018383 was significantly more frequent in early-onset CAD than in control group (P adj = 7.0×10 −3 , OR adj = 3.357, 95% CI = 1.162-7.977, Table 2 ).
Rs7753407 was significantly associated with early-onset CAD assuming either a recessive or additive model (P adj = 0.002 and 0.028, respectively, Table 3 ). Similar results were discovered for rs11966356 (P adj = 0.002 and 0.028, respectively, Table 3 ) and rs1018383 (P adj = 0.002 and 0.030, respectively, Table 3 ). Neither allelic nor genotypic adjusted association was significant of rs2076188, rs2076189, rs80355771, rs3734273, rs169790 with early-onset CAD (P adj > 0.05, Tables 2 and 3) . We constructed a LD map for all the tested SNPs based on the genotyping data. Strong linkages between rs80355771 and rs3734273 (block 1, Table 4 , Fig 1A and 1B) ,among rs2076188, rs7753407, rs11966356 and rs1018383 (block 2, Table 4 , Fig 1A and 1B) were observed in either total or early-onset CAD analysis. Three main haplotypes CA, CDEL., TDEL. in block 1, and four main haplotypes GATA, AGCG, AATA, AGTA in block 2 were observed ( Table 4) . We discovered no significant association between any haplotype and total CAD (P obs > 0.05, P adj > 0.05, Table 4 ). However, significant association was identified between haplotype AGCG and early-onset CAD (P adj = 0.010, OR adj = 0.332, 95% CI = 0.105-0.879, Table 4 ), indicating that AGCG was a protective haplotype for early-onset CAD.
We further tested the effect of the associated SNPs on the expression of ADTRP mRNA. The mRNA expression level of ADTRP in leukocytes from 134 randomly selected subjects was measured using real-time qRT-PCR. As shown in Fig 2, the average expression level of ADTRP mRNA in 61 individuals with the risk genotype AA of rs7753407 was significantly lower than in 73 individuals with genotype GG or GA (P < 0.01). Similar results of rs11966356 and rs1018383 were obtained (data not shown). 37 early-onset CAD cases and 49 controls were included in the 134 individuals. We further obtained the result that the average level of ADTRP mRNA expression in early-onset CAD cases was significantly lower than that in controls (P < 0.05, Fig 2) . These results suggested that decreased expression of ADTRP is a risk factor for CAD, in consistent with the result of the previous study [13] .
Discussion
As we recently reported, a GWAS has revealed that rs6903956 in intron 1 of ADTRP on chromosome 6p24.1 was associated with CAD in a Han Chinese population [13] . The association was later replicated respectively in a Han Chinese cohort [15] and a Chinese ethnic Singaporean cohort [16] . Rs6903956 was also demonstrated to associate with the mRNA expression of ADTRP [13] . Because mRNA expression is regulated by promoter, 5'UTR and 3'UTR regions, in this study we selected several SNPs in these regulatory regions, to study the associations of them with CAD in CHS.
Herein, three promoter-locating SNPs (rs7753407, rs11966356, rs1018383) were identified as susceptibility loci for early-onset CAD. Significance for both allelic and genotypic associations between the three SNPs and early-onset CAD were discovered. Moreover, a haplotype AGCG (constructed with rs2076188, rs7753407, rs11966356, rs1018383) was also significantly associated with early-onset CAD. We also analyzed the associations between these SNPs and late-onset CAD, but no positive result was discovered (data not shown). We speculated that such a difference between early and late-onset (or total) CAD resulted from the difference in the contribution of genetic factor to early and late-onset CAD.
Bioinformatic analysis showed that neither of the promoter-locating SNPs studied here was on any transcription factor-binding site. However, based on the 1000GENOMES database, we predicted that two other variants, rs2056952 and rs6913633, were strongly linked to LD block 2 (D' = 1, r 2 = 1 for rs2056952 with rs7753407, D' = 0.979, r 2 = 0.901 for rs6913633 with rs7753407, http://www.ensembl.org/index.html, 1000GENOMES:phase_1_CHS). Moreover, the two variants are respectively on the binding sites of transcription factors Nkx-2 and USF (predicted score were 94.1 and 93.0 respectively, http://www.cbrc.jp/research/db/TFSEARCH. html). Interestingly, USF has been reported to be involved in insulin-triggered promotion of lipogenesis and increase of triglyceride levels [17, 18] , which is an independent risk factor for CAD. Nkx-2 has been revealed to play roles in regulating β-cell function and insulin secretion [19] [20] [21] . These information together suggest that ADTRP may be involved in insulin-mediated metabolism regulation and metabolic disorders, such as CAD. Androgen is a protective factor for atherosclerosis [22] [23] [24] [25] . And it was demonstrated that androgen-regulated expression and activation of Tissue Factor Pathway Inhibitor, which functions in the incipient point of thrombosis and atherosclerosis-vascular endothelial cell dysfunction, was ADTRP-dependent [26] . Moreover, ADTRP was recently found to be up-regulated by Peroxisome Proliferator-Activated Receptor γ in human macrophages and atherosclerosis lesions [27] . These reports seem to correlate ADTRP more directly with CAD. Soon after the GWAS firstly identified rs6903956 in ADTRP as a susceptibility locus in Han Chinese, another GWAS in the same ethnic population failed to verify whether this gene is associated with CAD [28] . One possible explanation for this inconsistence is the difference between the two studies in population stratification. Another explanation may be the difference in using gene chips which had different genome coverage density. Shortly before we submitted this manuscript, rs6903956 was revealed to associate with CAD in a Japanese cohort, but contradictorily, the minor allele A of rs6903956 was a protective allele [29] , rather than a risk one as the former studies reported. Such a contradiction may be attributed to differences in genetic structures and interactions with environmental factors, as the authors speculated. Due to weak Difference of ADTRP mRNA expression between groups with different genotypes of rs7753407, and between early-onset CAD cases and controls. Levels of ADTRP mRNA expression in leukocytes from 134 randomly selected subjects were measured using real-time qRT-PCR. The average level of it in 61 subjects with the risk genotype AA of rs7753407 was significantly lower than that in 73 subjects with genotype GG or GA (P < 0.01, bars represent mean±S.E.). The average level in 37 early-onset CAD cases was significantly lower than that in 49 controls (P < 0.05, bars represent mean±S.E.). LD between rs6903956 and the SNPs genotyped in this work, we could not eliminate the conflict in the present study.
In conclusion, we presented additional evidence that supports the association of ADTRP with CAD. Our results indicated that expression levels of ADTRP regulated by the promoter may be involved in the pathogenesis of early-onset CAD. However, further studies, especially functional studies, are needed to fully confirm the role of ADTRP in the pathogenesis of CAD.
